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Mda 0f the litmature  on the 0ff&8 of prairie
dog8 N$n4Nr2y#  Spp.) on the pzwperties of the soil ii3
hut the building af ~OUXMIS  by the bl=kvM&
prafrie  dog (Cm &~&vicianus;  Kbfod 1958; Shad
et ak 1971; potter  1980; White and Cmlson  1984:
chcotta 1965, 1989; Carlson and w&e 1087,
1988), The whibtailed  prairie dog (C. &WCWW)
was been studied bm intensively  by pedolagists,
#perhaps because it doee aot build large mound3
(IKoffmci  1968;Tileston  -d L&leitner 1966; Clark
1971,  1977; Strombe@  1978; Fl&h and Pdick
197% Schloemer 1991). Moet of the literaturt3  on
the Mets  of pArie  dog activities on soil proper-
tie6 ‘is about the. effects Of pedoturb&m or soil
GJ& fiblrr\  the burrowing of these  animals.  Since
T~JI  (1949) calculated that prairie dogs (species
not @Wn) built  54.6 m&tic tons of mound mate&l

per he&m and converted the m%ace soils on
one-third of Ehe Akron, Colorado, Dryland Experi-
=d%kmrL ear& silt loam to loam fexture, tihem
hasbeenmuchix~~&in&lcatlating~~~
athibutable  to rodenta.  White and Carlson (19&Q
suggwt that many af thee attenqb need tn be
VbWtd  With CdiOn.  Although mixing  of wibsoil
td top&l layers haa been estimated  by nwperwu
~uthora,  dwtntatim of short- and ltng-tarm
tfFects of praitie dqg activity on tie chembtxy  and
morphology of soils .is 8c8fce,  Docwxke&&ion  is
ptiahrly  scarce of the effe& of prairie dog
induced changes  in plant physiology and cornmu-
nity st&turs  on Stii properties. The literature
aIs0 dm not addseas  the persistence of p&tie dog
induced changes in soils after abandonment ofthe
prairiedogtown. '
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Literature Review
Koford’s  (1958) monograph provides an &en-

&e discussion of the interrelations between  p&
rie dogs, the soil, plant communities, and live-
stock. He lists additions of organic matter and
nulrienf salts, improvement af soil stmcfure,  and
incrcassd  water MiltraCm as beneficial effects of
prtirie dog activity. &ford calculateii  that 12 but-
LOWS have a volume of 2.7 m3 (95 cubic feet) and
rcprcsent the removal of 3.63  metric  tons (4 tons)
of soil to the surface. He ansidered  this it rcason-
able crstknatc  for 0.4 ha of an estnbbhed  prairie
dog town. white and Carbon (1984) calculated
that 550 years are required to cover a hectare with
mounds and that 8,800 years are required to cre-
ate a htctwe of burrows, assumiq the prairie
dogs constructed new burrows each year, which
they do not do. They cmchded that tha cffcct of
soil mixing by rodents may be greatly exaggerated
in the literature. Black-tailed  pmirie dogs mix soil
excavated from their burrows with surface soil
gathered from the area surrounding their burrows
h create a large ctampact mound Moford 1958;
Smith 1958). The mound8 of white-tailed  prairie
dogs, however, are simply a pile of subsoil removed
from the burrow8 (Clark 1971). The black-tailed
prairie dog butids  larger, more complex burrows
(Tileston and Lechlsitner 1966; She&s et al. 1971)
and probably ties greater volumes of soil over
time, However, Clark (1971) concluded that there
was no species-specific pattern of tunnel excava-
tion,  Seemingly, the burrow system  is contisu-
ously enlarged and modified while it is occupied
(Longhurst  1944). Burrows occupied by female
whit&ailed prairie dogs with litters are enlarged
tioughout  the period whea the young are raised
(Flath md Pa&&k 19’79).  An additional consid-
eratim  is the enlargement ofpr&ie dog burrows
by badgers (MU tuxus).  Campbell md Clark
(1981)  reported  that 10427%  of the burrows cm the
&es they studied had been enlarged by badgers
in pwdt of prairie  dogs.

P~tmtidly bmful effects of pmiria do$s  on
soils i&u& @cc&rated erosion because of in-
creased bare ground from removal of vegetation
(Koford 1958)  and the calcification of noncal-
careous  sutiace horizons fkom tlw mixture of car-
bonate (ChCOs)  rich subsoil material, As an exam4
pie of the latter effect, soils mapped on the nod
flank of Sheep Mountain in Albany County,  WYO-
minp, arc a complex of Haplwgids and Calcior-
thids where the rod&s  converted appreciable ar-

eas of soils with noncalcareous  atgillic horizons to
soils that are now calcareous tlxoughout  the pro-
file (Sail Conservation Service, Casper,  Wyoming,
unpublished data).

Prairie dogs apparently prefer flat open areas
and often colonize aid Fields (Longhurst 1944; K&
ford 1958; Dalsted et al. 1981). Dalsted  ct al.
(1981) listed  four chara&ri$tics  of sites that
black-tailed prairie dogs prefer:

I. deep sails f&e from excessive StOnincm,
2, minimal flooding hazard,
3. moderate or better productivity of soils, and
4. slopes of less than 9%.

Prairie dogs also dig, however, in gravelly soils
nnd in soils of extremely  high doxlsity  (60 high that
digging  is difficult for a human with a steel shmml),
and on soils with only sparse  vegetation. White-
tailed prairie dogs and Gmmkm’s  pr~ririr: dogs (C.
gunnisoni)  inhabit more steeply sloping bs than
bla&Ulcd prairie dogs (L’onghurst 1944; KofLmd
1958; Fitzgerald and Lechleitner 1974). In large
contiguous towns, the burrows are unevetily
spaced, apparently in response to food md soil
condiUms  (She&s et al. 1971). Density and distrin
bution of prairie dogs are’morc  likely controlled by
available food than by edaphic conditions, with the
exception of the exclusion of rodents by high water
tibles (Kbfotd  1958).

Carlson  and White (1887)  provide detied dab
on sail chemistry (pH, N, P) and soil co& in two
black-tailed prairie dog mounds that they tran-
se&d in South Dakota. They reported arich-
ment in P but concluded that effects by prairie
dogs on soils were mostly confined to the mound
area it4f. Cincotta (‘1985)  reported differencea in
soil organic matter, available phosphorus, and
aoailablo nitrogen in black-tailed prairie dog
towm of varying ages and in adjacent unoccupied
areas. Early in the yeq available P and N were
higher in soils in tie prairie dog town  than in the
tidjacent undisturbed soil. Potter (1080) found
higher mgatic matter contents in crater maunds
of the black-tailed prairie doe than in dome
mounds and in in%rmoud tipboil, Tamyev  add
Odinoshoyev  (1887) reported similar  chmgw BB 8
result of burrowing actitities of marmots (Mar-
mati cm&t& boff.) in the Par&s where tie
rodents excavated 6-8 burrows/h& The marmots
increased soil pH in the mounds by bringing carv
bon&e-rich subsoil to the surface, brought i;tancs
to the surfhe, decreased soil humus (except in
AlpinG desert  wherc it increased), and altered the
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dhri bution  of N and Y in Chc soil profiles. Car~s~~
and whit@ (1988)  reporkd irxrcases  in pH in the
mounds but not in tile nonmound c?re~s in a black-
tailed  prairie dog town.

Becwa more soil arca is afTc&d  by the Zhouqd
tImI by the burrow (“White  and Carlson I9$4),
changes in soi] chemistry probably reach bcymd
the arca  directly excavated  by the &maIs. $&be-
mcr (1991)  invest@ted white-t&d prairie  dog
colonies on soils derived from ii Cretweous  age
marine shale in the Shirley Basin  in Wyo~~ing, He
reported hat prairie dog colonies can bc Iocated
hd~ from &sknc~s  of X00 m or more because
of *e cnhhncsed vigor of sagebrush QIrtelniaia tri-
dertlata) in the ~vlony arca.  The dominant ceils of
*is landscape  have dense subsoils ofclay accumu-
laGr\ and appreciable sodium (Na) on the ex=
change  complex (natric hotizans, Soil Survey St&
1987) and subsutiace segregation of carbonatis,
$IPS~, and salts. He attributed the gwk pro-
ductivity ofsagebrush  in the c&my area td GeveraI
mechanisms:

1. an increase in macroporosity of the soil,
2. the substitution of calcium for so&u 011 the

exchange complex 8s a result of the transfer  of
gypsiferous  subsoils to the soi]  SuTfBcc,

3. deeper peuetration  of precipitation as a restit of
incremod  electrolyte content of MUbating rain
water, and

4. bxporation  of organic  materials into the sofi
as plant parts zud feces,

The Natragids (soil iaxosomy names afb Soil
S~cy Staff 1987) in tic Shirley B-in are rtpre-
senfative of one type of soill  that probably responds
positively to pedoturbatian.  -erg cbmmtmly
mad such soils with gypwm and manure  to
improve infiltratio8a  of wat43r.

The literaWe  on the effects of prairie  dogs  on
vegetation  is ~ohu&wus and dates  W &rri&s
(1901) calculation thdt the occupa& of one large
CdOI’lY  of bMk=taiIed  prairie dogs in Texas cm-
sumed  enough f&age each year to support 1.6 mi1-
lkm cattle. Recent literature reflects greater red-
ism and con&s of reports on the diverse efkts
0111 plant comrn&Q stmcture,  plant physiology,
and biomass (Clark and Kinker 1970; Bo&am
and LeW& X976; Bonhm  and lH[m.ymn  1978;
watt and Hein 1978; Coppock  et al, 1983;  7Jr&
lQ85,1987;  Apew et al. 1986). Authors cite prai-
tie dog-induced changes in plant vigor, srpecies
wnposition, plant height, plant nutrient content,
bimms and reproduction mccess, and litter and

7%~ age af soils in the high plains and basins  of
Wyoming is highly variable; soils on sbeg s&h
facing slopes  are kept perpetually young by era-
sbn. h contrast, soils On many flat st&lc  surfaces
d&c tx) the Pleistocene and some perhaps to the
Tertiary period (Mew 1981).  Even is the mom-
bins of Wyoming under high rainfall, sajls dev&
aped in geomorphic surfaces younger in age than
Bd Lake (-140,000 years before present TyIBP])
typically have not formed noncalcareow, subsur-
face horizona  of cl3y accumuIation  (~filkic ho+
2hfis).  An exception is the coarse-textured parent
materials where some soils of post-Pir&&le  age
(-15,000 YBP) may have minimal argillic  horizon8
(Munn 1987). Bpause many soih on the high
plains and intemounttin  basins are Pleistocene
relic& that developed  under ocher than contempo-
rary clim&ic conditions, burrowing by p&ie dogs
may effect pemnnent  chmgos in soil chemistry
and morpholvw

The kmnie Basin in south central Wymningis
t)@cd of the intamountain  b-ins in the nor&cm
Rockies,  XA the Lam&e Basin, soils range in age
fhm yoq soils on the modern flwdplain  md
erdhg slopes to old mature soils on allwial tier-
races that We at least 2 million years old. The older
surfacts tspically are occupied by Haplargids  and
Paleorthide  (Soil Conservatios  Sexyice, Casper,
Wy~mhg, unpublished d&a). A representative mil
horizon ssquencc of the Mapla+ds  is E (thin
Imchtd stiacz), Bt (clay accumuM$m), Blr (carti
boa&h ach;rmuI+xt~on), By (gypsum accumtitivn),
and BZ (dt accumulation;  horizon nomenclatwe
is afbr soil Sukvey Staff 1981). On old &llutial
surfaces, the soils show the upward fining charac-
&iStiC of&wium-loam  or clay loam textures over
gravelly sands. Many of the older soils in the
Laramic Basin (and athcr  Wyoming basins)  show
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&dencc of cryotuhntion duting  periods of permaw
frost &tears 1981; MUX-HI  1987j4  Complws of soils
occur where Haplargids  arc apparently  ~~mthi
b C&iQrthids (Table 1) US a result  of mixing by
r&nk-bth  prairie dogs and the Richard&s
ground  squirrel (Spermophilus  ridkdsod)  wd an
apparent:  dec~caso  in efTective precipitation &co
the sails ofigi&ly formed, &r excavation of sub-
soi] carbonates to tie soil S\lrCace  by rodents, ore-
gent-day precipitation is insufficient to leach the
c=mbom&s fkom the suzface tiet. Mixing by the
rode& also distributes gravel frown the subsoil
t;hr~~gl~out  the fine-tcxtared  sticid layers. The
conuemi0n  of Haphgids  to Calciotihids  can pro--
foundly  reduce ve+ativO  biomass. hr -ample,
the Dalquist series (Borollic  Haplargid) has a rated
productivity  of 1,300  kg I ha compared  with
450 kg / ha of the Browtine  series (Borolk Calckw
thud;  Soil Conser\ration  Service).

Pf&ie dogs frequently dig through the solurn
of t;hc soil on sidcslopss and bring ~~~~TXNII~ of
& bedrock (often shale or sandstone) In the W-
face where its weathering is acc&rakd4  Virtw@
all eqmsures of soil profiles ia grasslands reveal
kr~t.~tinas,  the casts of rodent burrows. Those
faatues  are wsumod  by pcdologists  to persist for

t long periods (hundreds of yew), but their persist-
ence is not well documentid  (brst  X368; Allgood
and Gray 1974), Observations of the effects of
prairie dog removal  m vegetation (Bishop and
Culberteep 1976; Uresk 1985, 1987) have  gem--

.
ally hen COnducted  for too short  a time to allow
understanding  of the long-tern1 effects of butrow-
inff on soil properties.

B~~USC of the wide range of burrow don&h
(T&la 2) and burrow and mound vohmes  (Table 31,
any c*lcu1&iOn of possiMe furnow or mixing ratt~
by prairie dogs must be prefaced by a careti listing
of assumptions.  White and Carlson (1984) used 62
butTows per ha, 3 burrow diamekr of 15 cm, and
an average mound dituncbt of 0.6 XL They C&U-
la&d that prhie dogs could create a )lect~~a of
mow& in 550 years and 8 he&ire of bmows in
$,800  years if the animals canstructRd IXW burrows
each year, This led them to conclude aat the eff&
ofthe rodents on mixing soil materials dobbd ia
the literature may otin be cxaggerabd.  Howev~
compared  kti~ the no-1 time scale of soil forma-
tion, such turnover rates arc quite rapid.

For a repre$ent&ve  cakcthth Of mkbg Fates
in a whitc+Gled prairie dog CO~OII~,  I u~d 20
burrOws  / ha, 8x1 average bUrrOW  Vchne of’
0.15 ma, and a mound djametcr  of 0.5 m for nond
maternity  busrows and 1.0 m fat maternity  by
rows,  Ten percent of the burrows were assWed b
be ma&r&y burrows with a VO~UIIO of 0.30 Z&
Approximately  20% of the burrows were presumed
to be oxcravatid  by badgers to four times tkir
oti@nd volume (0.60 m”). Finally, new burrow

Table  1. Com@son  of D&&t (Htzplargid)  and Browtine  (Cakiorthid)  soil profiles  in a Prairie  dogC
affecfed soi1 complex, Albucy  thnty, Wyoming (Soil Colzservation  Serhe ~9M+LN 4.k. 1 - - v

Dtapth Color-IOYR  hue’ Fine earth Coarse  fhgmenfs  CaCOa
Hori4;on (cd (value f chmh) t&uA ClasS tuP (970 Jafiwescenw  pH-
Dalquist

A O-6 6/2d,4/2m 81 60 - - 70
BA 5-13 5/3d,4/3m scl 50 - 7:2
Bt 13-38 6/4d,4li3m SC1 45 - 72 cw
BW 38-50 6/6d,Wdnr SC1 40 6

&oontinuous
7.5

Bkl 6006S 6/4d,5/4m f31 85 35 violent 86
Sk2 63-150 6/4d,5/4m sl 55 6 strong 812

Browt’lneb
A 0-8 5/3d,4/3m d 40 7 mQng 8.0
Al3 8-22 6/8d,5/3m 61 55 18 violent 8.2
Bkl 22-35 8/2&7/3x11 81 45 37 violent 84B
Bk2 35-78 0/2d,7/Sm 1 7 5 36 ViolePt 0.6
c 78-l 50 6/6d,S/Gm sl 80 7 strong 8.2

QColorF*,  xn = moist.
H Y-g- Y t-----AC  d --c-

b 10%&O% surface  cover of pebbles, cobblea,  ad S~CS~
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spwics of
prairie dog

Gunniuon’s”

Burrow density
(burrows per h&arc) source Comments

-\- Y(- w-.C1-*  --w-m -w*~CIC~w,~*-~FUI.-.  “AtiC -a* V” t.. -.-I
5 7 Fitzgerald and Lcchlcitncr Only 10% had mounds

(1974)
Gunnisan’s 2-5 (sagebrush) Longhurst (1944)

37-49 (fields)

,

74 (maximum)
R)&~ddb 3 Sheets ct al. (1971) 43 ha colony, not cvcnIy

distrihutid, 4 .I, anitnals f Lomw
Black-brriled Smith (19W 55-56 animals / h;r
White- ti3iledc - Flsth and Pdick (1979) Mow& 6 m in diameter,  57 CIT) till
White-tailed 9 (grass) ClarWQ77) Larzunio,  Wyoming area
Black-t&d  (?I 42 Thorp (1949) Spccics unspecified
Black-&ilcd 247 K&ford (1958) Fed by tourista
Elack-tailed 54-I 28 Koford (1968) 15 /ha in a new dog tom
WhSt&&d 54 Tilo&n nnd Lcchloitner -

(1966)
Black-Glcd 103 Tileston and Lechleitner (19661  -
Black&ailed 84 Bishop and Culbertsen  (1976) -
White-tailed 25 (9-129) Cempbell and Clark (1981) -
BlacWailcd 21 (11-W) Campbell and Clark (1981) -
Utahd C01Ker  and Spillek (1972) 6 gninralg  / ha
White-tailed 0.7 Sttombwg (1978)
Black-tailed w-3.7 Stromberg (1978) -
Black-taled 8.9 King (1955) -
White-tailed 59 -Clark( 1971) Laramie  Rreh

--edL-...-r&w  Il**J-d..
TynOtnya  gUnnis0ni.

.-I-UL----A&L  -d-d-YY.dm-m -..-----  m *ten.,  YU drew..  c( 0°F .w “-

b C, Zudoviciourus,
c CT 1EvCvr~.

Table 8. Voiume ofprairie dog burrows and mounds.
Bw-qw Mound

b 1 h9) rmme

0.14,0,23 -

0.22 -
- 0.023

“CI 0.014,0,028
0.04,0.38,  -

(0.15 av-)
“a 6.4
0.02,0.10,  -

(0.05 av.1
0.12 -

KDford (1958)

Wilwnb (1954)
White and Carlaon  (1934)

Clark (1977)
she&s et al- (1971)

Thorp (1949)
Shmhkg (1978)

Smith (1958)

Flath and Paulick (1979)
Fitzgerald and

Lcchlcitner (1974)

Data from Merriam (1901)  and Fish and
Wildlife Service
-
Model based cm a mound 0.6 m in diameter

and 0.3 m high
Calculated &om mound dimensions
Calculated for burrows without ch&mkvs,

12 tn diam&r
Largest mound
Calculated Cbr burrows without chambers,

12 cm diameter
Calculated for burrows without chambers,

12 CIII  diameter
Largest mound
Largeat mound

4,37 ChrIson and White (1987) Large mound ws 14.6 m diamter by
0.67 m high- V . - B - ----.--. B--B se- -- .- m-.---s-me 1..- - . . . WI. --w.ms -.-- ,- v=------.-~*~~-
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. systemg were assunled to be comtruc~d cver~ 10
years and the depth of the burrows, l-5 m-

Based 011  the described assumptions,  prairie
dogs pr()dt~ccd  5.1 m* of mound  basal area, which
if reI>ewed  every 10 years covered a ktare in
19,6;0()  years,  Mixing of the 1.5 m of 4 by the
roderlts  occLlrred in 29,760  years dwing CO~~~xw
0~s  Occrqmtim  of the COlony.  l’his estimate is 10~
because  tlhc rodcnls  were rodigging  some of the
eamc soil material  ench the. Bec;iuse of thk
usual greater  burrow density, black-tail4 prairie
dogs  mixed soil at a grcakr rate (perhaps as much
~3s five fold). Episodic depopulation, of the colony
slowed the rate of change. Ihwver, even if’ the
final e&mat@ is doubled or tripI& (100,000  years
for soil mixing  and 20,000 YeafS for COWrage &h~
pound with subsoil [mound) material), the time
period is still rclativcly  shoti cornpad  Wfth the
ape 0~ n~any soils  in the iottrMountain  basins  of
Wyoming and the high plains.

HO&O~S of alluvial clay accwmulation  on Pl&-
toceno surfaces are probably relicts in sob ~4th
more than 15%  clay in the sudce (E) horizons
under the present climate in Wyodnfs basins
(~35 cm annual  precipitshn).  Textural strdica-
tion witi depth is a r&t condition inherited from
the parent material  in soils developed in alluvium
alId in soils developed ia interbedded sedimentary
rocks of contrasting  texture  (e.g., sandstme  over
shale). In t;hesc situations, admixtwe of cakm-
0~s and gypsiferous  subsoil to the surface of the
soi1 creaks  a pemancnt  change in soil chemistry,
and admj&ute  of eubsoil  materials to surface ho-
ezond permanent& changes sail t&m. These
&anges CBUS~ s patchinesc in the vembtion on
the sit43  until virtually all of the r&e is afl’ected bY
rodent  activity  Dospite  the apparently im-
yersi&  nature of some of these effects, prairie dog
ColonidS are irregukrIy distributed in the land-
scape atid  their populations fluctuate markedly
Over  time.’ The net effect of their activity is CO
increase diversity in the envkcmment--diV~~sitY
in soi1 properties  and in plant community charac-
teristiCz3.

Where goals of management 41 for expansion
of otisking prairie dog towns or reintroduction of’
prai& dogs to sites from which they were climb-
nabd in the past, prediction of the probable efl@cts
of prairie dog burrowing on soils and asmciatcd
vegehtjon may be desirable.  In the in&mountain
basins of t]qe Rocky Mountiins and adjacent hi&
plains,  major  changes in plant growth  ~11  prol~m

2, on Z-Xaplaq$d  profiles where noncakmxms SW-
race layers (E and Bt horizons) owdic c~~Ixn-
ate and salt-rich Rk, By, and Hz horizons;

3, on Natr&d profiles where the Sbditun &‘@c~d
Btll ho&op is uxI&rhin  by mSU1n  ()3sl  hon’z(‘)n);

4. an shallow ‘htriorhnls lyollng, poorly dc=l-
aped soils) where sof’t  bedrock is brought to the
surface and weathering  accelerabd;  and

5, on favored siks where burrow density is greakst.

Least aff&t,d will be soils of elrtrem@ly  hform
texture (e.g., Psarrrments) and soils with ver31  thick
A horizons  (pachic  and cummulic sd>grOUPS  of
Mollisols) 0x1 sites with high WC&~ tabks (a~ic
Suborders and Subgroupda

References



I

:
:

.

L

; :

CincoM, Ii. k? 1985. Habitat find cibperssl ofblnck~tailed
prairie doga in Badlands N&kmal  Park. P)r.lp,  d&er-
~COS,  &hr&  State  Univerd~,  FOPS  Collins. 60 pp-

Gincotta,  R. )L! 2889. Notc  on mound ar&bcture  of tho
black-tailed prairia  dog, Chit Rabin  Na turdist
49:621-625,

Clark, ‘I! W. 1971. Notes  on whit&&d  pr&ic doe
K$nOmyS  ZCUCWtsS)  burrows. Great Basin Naturalist
31:115-125.

Clark, 1: Wb 1977,  Ecology  and ethology of tho w)W-
t&led  prairia dog (Cynomys  kucurw). Milwaukee
Public M~eum,  Publi~tiow  irr Biology  and  G&-
ogy 3.97 pp.

Clnrk,  T. W, and J. W, Kinker.  IO70.  SOme  prairie dog-
RMUP  relationships  in the Laramie Plains, Wyoming.
Wyoming Range Management 281:40-51.

C&er,  G, D., and d. J. Spillott.  1972. Stabs  ofthe  Utah
Prairie dog- Uti Academy of Sciences 49:27-39.

Coppock,  D. L,, 3. K DeUhg, J. E- Ellie, and M. I. Dyer,
1983. Plant-herbivora  interactions  in go N&h Ame&
c= mixed-grass pirie,  I. EfTec~  of black-tailed
pride  doga  on interseasonal  aboveground  plant
biomass and nutrlsnt  dynamic and species dive&y,
Oeoolgia 56:1-9,

Ddabd,  K J-, S. S~ti~r-Bhir,  B. K WCCC&Q  and
R. Mnka.9,  1981.  Application of remote cens~ng to
prairie  dog management.  Journal of Range  Manage-
ment 34:21&22$.

FitqpmN  J1 R, and  R, IL LdIeitnec  I974.  Obsenm-
ticnu on the biolo&  of Cuntieon’s  pr&je dos in
cent+ Colorado. Americas Midland Naturalist
82:146-i63,

FAX Nd, 303 966 7040 PI 08108

Mctiam, C. H, 1OOL The prairie dog of the Great
PGw. US, Dapartmen t bf Agriculture  Year=
bock257-270.

Mttnn,  L. C. 1987.  Soil gene& ;issociated  with peeg1acial
jce wedge =ts, southcentral Wyoming. Soil &once
Society of America 3ourmI 51 :xooo-1004.

pottir,  R. )[I.  1980,  Smndnry successimal  pattmns  f&
low@ prairie dog removal on shortgrass  rangeA M,S,
thesis,  Colorado  State Universi& Fort Collins.  165  pp.

Schloemcr, FL D, 1991.  Prairie dog effects on vegetation
and soils  derived from shale jn Shblcy &in, W’O-
ming. Ph.D. dissertation, University of Wyoming,
hramia.  i58 pp.

Sheets, R. Cd, R, L Under, and R. 8, Dahl~en,  1971.
BUXTOW  systgms of prairie dogs in South D&ot;a.
Journal of Mamrmlo~ 52;451-453.

Smith, R. E. 1958. Natural histmy  of the pi&a dog  in
Kansas.  Mwewm  of Natural History  and Bta$g  &a-
lOgica  Survey, University of Kansas. Misc&mo~~
Publication x&I-36,

Soi1  Survey Staff, 1981. Soil survey mwwl, Chap&r 4.
(43OWSSm).  US. Departinent  0fAgricdture.  503 ppv

Soi1  Survey  Stoft  1987. Keys to soil taxonomy- 4th.
edition. Soil Management Support Services, Technil
cd Monograph 6, US, Department of Agriclulturt.
Bhcksbmg,  Va,

Stromberg,  M- R. 1978. Subsurface  burrow co~ctions
and ez&rmcc spatial pattern of prakic dogs. South-
western Natwnlfst  23:178-180.

“l’adzhiyq  IL, and A. Odinoshoym  1987.  Infh~~  of
mamwt8  on soil cover of t?w eastern Pamira.  (Traxw
bed fbm) Ibchvovedetiye  lt63-71.

Th~rp,  J, 1849. Effecb  of cwtain 8nimah that ho in
aoih Sciclotific  Monthly 68:180-191.

TiMon,  J. V, and R. R. Lechbitner.  1966, &me conr-
pasis~ns  of the black-tailed md Hrhitc-ta&d  prairie
dqp in north-central Cdoradu. American MUand
Natwaliti75:292-316.

Uresk, D. W. 1987. Relation of black-taiM  prahie cbm
ad control  pmgmma  to vegetation, lhmtock and
tidlife.  hgea  $22-323  in J, L. Capinera,  editor hte-
grated pest vagement on raqgdan&  A ahortgra~s
prairie  perqndive.  We&view Prees,  Boulder, Cola.

white,  E, M., and  D. C. Carlw~~  1984, Estiiw aoil
mixing by Wents.  Pmcm&nge  of the South Dakota
Academy OtScience $&3&87.

Wilcomb, M. J. 1954. A study of praifie  dog lnxmw
aydems  and the ~1~~ of their arthropod inhobf-
tants’ jn antrd  Oklahoma. Ph.D. dimertation,  Uni=
versity  of Oklahoma, Norman. 158 pp,


